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SUMMARY 


A close- coupled caaard-wing model vas tested in the Langley 8-foot tran- 
sonic pressure tunnel at Mach numbers from 0.70 to 1.20 to determine the 
canard-wing interference effects on canard and wing loadings. The canard had 
an exposed area of 28.0 percent of the wing reference area and was located in 
the chord plane of the wing or in a position l8.5 percent of the wing mean 
geometric chord above or below the wing chord plane. The canard leading-edge 
sweep was 51 - 7^3 and the wing leading-edge sweep was 6o^. 

The results indicated that the direct canard downwash effects on the wing 
loading are limited to the forward half of the wing directly behind the canard. 
The wing leading-edge vortex is located farther forward for the wing in the 
presence of the canard than for the wing- alone configuration. 

The wake, from the canard located below the wing chord plane, physically 
interacts with the wing inboard surface and produces a substantial loss of 
wing lift. For the Mach number 0.70 case, the presence of the wing increased 
the loading on the canard for the higher angles of attack. However, at Mach 
numbers of 0.95 and 1.20, the presence of the wing had the unexpected result 
of unloading the canard. 


INTRODUCTION 

Past investigations (refs. 1 to 13) have indicated that the proper use of 
canard surfaces on maneuvering aircraft can offer several attractive features 
such as potentially higher trimmed-lift capability, improved pitching-moment 
characteristics, and reduced trimmed drag; these attractive features are 
manifested to a higher degree when used in conjunction with an unstable air- 
craft. In addition, the geometric characteristics of close-coupled canard 
configurations offer a potential for improved longitudinal progression of 
cross-sectional area which could result in reduced wave drag at low supersonic 
speeds, and would allow placement of the horizontal control surfaces out of the 
wing downwash and jet exhaust. Flow-visualization studies (ref. ih) and 
analytical studies (refs. 15 and l6) have indicated that the favorable inter- 
ference of the canard on the wing flow field can produce a complex flow field 
on the wing surface. Although there have been several papers published that 
discuss the total forces and moments produced by close-coupled canard-wing 
configurations, very little data are available on the load distribution on the 
canard and wing surfaces for close-coupled canard-wing configurations; refer- 
ences 17 and l8 discuss some of the available load distribution data. 

This paper reports on a continuation of the work presented in reference 
This wind-tunnel investigation obtained aerodynamic load distributions, at 
transonic speeds, on both the canard and wing surfaces of a model that is 
geometrically identical to that used in reference h. The primary purpose of 
this paper is to improve the understanding of the cause and effects of the 



canard-ving interference. The present investigation was conducted in the 
Langley 8- foot transonic pressure tunnel; the Mach numbers ranged from 0.70 
to 1.20 and data were taken for angles of attack from 0^ to approximately l6° 
at 0*^ sideslip. Tabulated results from this study are presented in reference 19. 


SYMBOLS 


The physical quantities used in this paper are given in the International 
System of Units (Sl). Measurements and calculations were made in U.S. Customary 
Units . 
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aspect ratio, b-^^/S 

distance from wing-fuselage juncture to wing tip 
wing span, cm 
canard span , cm 

. , Static pressure - Reference static pressure 

pressure coefficient, ^ — — 

pressure coefficient on lower surface minus pressure coefficient on 
upper surface 

local chord length, cm 

wing mean geometric chord, cm 

average chord length, cm 

section normal-force coefficient, 

free-stream Mach number 

free-stream dynamic pressure. Pa 

reference area of wing with leading and trailing edges extended to 
plane of symmetry, cm^ 

exposed canard area, cm^ 

free-stream velocity, cm/sec 

downwash velocity induced by canard, cm/sec 

chordwise coordinate measured from wing leading edge, cm 

spanwise coordinate measured from wing-fuselage juncture, cm 

vertical coordinate measured from mid plane of fuselage, cm 


Section normal force 
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a 


angle of attack, deg 


ri non dimensional spanwise coordinate, y/b’ 

A leading-edge sweep, deg 

Subscripts : 
c canard 

V wing 


MODEL DESCRIPTION 

A sketch of the model used in this wind-tunnel investigation is presented 
in figure 1. This model was designed so that various wing and canard planforms 
could be attached to the common fuselage and the positional relationship of the 
lifting surfaces (canards and wings) could also be varied. The wings and 
canards were instrumented with pressure orifices located as shown in figure 1. 
Tables I and II give the orifice locations for the wing and canard, respectively. 
Both the instrumented canards and instrumented wings could not be tested simul- 
taneously because of space restriction in the model caused by the pressure tube 
installation; thus, when both the canards and wings were on the model at the 
same time, either the wings or canards are uninstrumented. Figure 2 is a 
photograph of the model with instrumented and uninstrumented canards and wings 
shown. Table III presents the pertinent geometric parameters associated with 
this model. 

The swept, untwisted wing had uncambered circular-arc airfoil sections 
and a maximum thickness distribution which varied linearly from 6 percent of the 
chord at the root (the root in this paper is the wing-fuselage intersection) 
to h percent of the chord at the tip. 

The canard had a leading-edge sweep angle of 51*7^ and an exposed area 
of 28.0 percent of the wing reference area S. The canard was tested in the 
wing chord plane (z/c = 0.0 ) and in positions l8.5 percent of the wing mean 
geometric chord above and below the wing chord plane (z/c = O .185 and -O.I 85 ). 

To obtain the configuration with the canard located below the wing chord plane, 
the model with the canard in the high position was rolled l80° on the sting; 
thiis , the resisting configurations had canard- fuselage fairings on the bottom 
of the fuselage and had a different fuselage shape in the vicinity of the 
canard. The canard was untwisted and had uncambered circular-arc airfoil 
sections. The maximum thickness varied linearly from 6 percent of the chord at 
the root ( canard- fuselage intersection) to 4 percent at the tip. 


APPARATUS, TESTS, AND CORRECTIONS 

This investigation was conducted in the Langley 8-foot transonic pressure 
tunnel which is a continuous -flow facility. Tests were made at Mach numbers 
of 0.70, 0.90, 0.959 1.03, and 1.20 corresponding to Reynolds numbers, based on 
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the wing mean geometric chord, of 1.35 10 , 1.52 x 10^, 1.5^ ^ 10 , 1.58 ^ 10 , 

and 1.6l X 10^, respectively. Because of flow separation at the sharp leading 
edges of the canard and wing, the Reynolds number effect should be small. (See 
ref. 20.) Tests were made at angles of attack from approximately 0° to 16*^ 
at 0^ sideslip. Angles of attack were corrected for effects of sting deflection 
due to aerodynamic load. All tests were made with boundary-layer transition 
fixed on the model by means of narrow strips of carborundum grit placed on the 
body, wings, and canards by using the methods outlined in reference 21. 


• PRESENTATION OF RESULTS 

Reference 19 presents all the data obtained in this wind-tunnel test in 
tabiilated form; selected portions of these data are presented in this paper in 
plotted form. An outline of the contents of these data plots follows; 


FigTire 


Effect of canard flow field on wing surface pressures for — 
z/c = 0.0: 

= 0.70 3 

= 0.95 

= 1.20 5 

z/c = 0.185: 

M„ = 0.70 S 

= 0.95 7 

= 1.20 8 

z/c = -0.l85: 

= 0-70 9 

= 0.95 10 

= 1.20 11 

Effect of canard location on wing lifting pressin-es AC^ 12 

Computed canard downwash along wing leading edge- Mqo = O. 7O; 

a 12° 13 

Effect of canard location on span load distribution . l4 

Effect of canard location on wing sectional center-of-pressure 

locations 15 

Effect of canard location on wing center-of-pressure location 16 

Effect of wing flow field on canard surface pressures at — 
z/c = 0.0: 

IVL = 0.70 17 

= 0.95 18 

M = 1.20 19 

00 
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RESULTS AND DISCUSSION 


When comparisons are made between configurations with the wing-on and the 
wing-off or between canard-on and canard-off configurations, it should be noted 
that the two configurations are not exactly at the same angle of attack because 
of sting bending. Based on the data shown in this report, these differences in 
angle of attack do not appear to affect the discussions made herein. 

Reference 19 contains the tabulated results presented in this paper plus 
other data not included herein. In this paper, the phrase high canard refers 
to the canard being located above the wing chord plane (z/c = O.I 85 ); mid 
canard refers to the canard being located in the chord plane (z/c = O.O); and 
low canard refers to the canard being located below the wing chord plane 

(z/c = - 0 . 185 )- 


Effect of Canard on Wing Flow Field 

The data in figures 3 to 11 show the effect of the canard flow field on 
the wing pressure distributions for all three canard configurations. 

Mid canard .- For the mid canard the direct effects of the canard flow 
field on the wing are limited to a region directly behind the canard. (See 
figs. 3 to 5 .) The spanwise location of the canard tip is between wing sta- 
tions 5 and 6. At span stations 1 and 2, in particular, rather drastic reduc- 
tion in leading-edge vortex strength (the leading-edge vortex strength and 
position are qualitatively determined by the pressure peaks shown in the 
figures) is noted for the wing in the presence of the canard. 

The wing lower-surface pressure distribution may be a more reliable indi- 
cator of the canard downwash effects on the wing, since there is no leading- 
edge vortex there to complicate the flow field. The canard downwash is seen to 
affect the wing lower surface out to span station U. The effects of the canard 
downwash tend to be concentrated in the forward 50 percent of the wing at span 
stations 1 to 4; this observation can be noted a little easier in the data 
shown in figure 12, where a plot of ACp against x/c is presented. Also, 
the direct downwash effects decay rather quickly in going from span stations 1 
to 4. (See figs. 3 to 5-) This decay, both chordwise and spanwise, of the 
canard downwash effects is not surprising since the downwash from the canard 
will decay inversely with distance from the canard and the canard wake. When 
at angle of attack it should be noted that traversing either downstream chord- 
wise or outboard spanwise along constant percent chord lines has the net effect 
of moving away from the canard wake in the vertical direction. Lower surface 
pressure distributions show no evidence of canard upwash at wing stations 6 
to 8. 


By use of an attached- flow vortex-lattice computer program, the canard 
downwash was calculated at the wing leading edge and wing 40-percent-chord 
locations. (See fig. 13.) This particular computer program does not account 
for wake rollup. Since the canard has no camber and has a sharp leading edge, 
there will be a leading-edge vortex and the shed vorticity is more diffuse than 



for a wing with attached flow. Thios , the results in figure 13 are not meant to 
he quantitative but rather qualitative; these results, however, do indicate a 
chordwise and spanwise decay of canard-induced downwash, and substantiate the 
earlier discussion. 

The upper-surface pressure distributions from span station 3 and outboard 
(figs. 3 to 5) illustrate a secondary effect of the canard downwash on the wing. 
The location of the leading-edge vortex is farther aft on the wing for the wing- 
alone configuration than for the canard-wing configuration. The altering of the 
leading-edge vortex strength and growth rates inboard by the canard downwash 
delays the leading-edge vortex aft movement. 

The effects of canard downwash on the wing pressure distribution discussed 
hold in general with angle-of-attack change and Mach number change. However, 
the data for Mach number 1.20 show that the downwash effects on the lower sur- 
face extend to larger ri values than those for the other Mach numbers . 

At span stations 5j 6, and 7 depending on the configuration (canard on or 
off), angle of attack, and Mach number, the Kutta condition may appear to be 
unsatisfied; as a result, there is a pressure discontinuity at the trailing 
edge. For many of these cases, the leading-edge vortex passes over the wing in 
the vicinity of the trailing edge and causes the reattachment line to fall aft 
of the wing trailing edge; this then does not allow the Kutta condition at the 
wing trailing edge to be satisfied. 

For Mach numbers 0.70 and 0.95 (figs. 3 and h) at span stations 1 and 2, 
and a - 4^, there appears to be evidence from the upper surface pressure dis- 
tribution that the wake from the canard is interfering with the wing. Note in 
the leading-edge region of the wing that the pressure coefficients are positive. 
From the flow-visualization photographs in reference l4, it is not surprising 
to find the canard wake interfering with the wing for low angles of attack. 

High canard .- Downwash effects induced by the high canard on the wing are 
similar in nature but substantially less than those induced by the mid canard. 
(See figs. 6 to 8.) This result should be expected since the canard wake is 
located farther above the wing. In addition, there is no evidence of canard 
wake interference with the wing surface; this condition is substantiated by the 
flow photographs shown in reference 1^. 

Low canard .- Figures 9 to 11 present the effect of the low canard on the 
wing pressure distribution. The primary distinguishing difference between the 
low- and mid-canard configurations is that there appears to be substantial 
canard wake interference with the wing. The data indicate wake interference 
for all Mach numbers and angles of attack presented at the wing inboard stations. 
The wake interference appears more severe at an angle of attack of 12^ than for 
any other angle of attack. The flow-visualization photographs of reference 1^ 
show the canard wake interference with the wing at low speeds. In general, with 
the exception of the wake interference problem, the discussion made for the 
mid-canard configuration holds for the low-canard configuration. 
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The previous discussion on the effect of canard location on the wing 
pressure distribution is for the particular configuration described in this 
report. Configurational changes such as rounding the canard leading edge so 
there is attached flow or cambering the canard could substantially change the 
canard downwash at a given angle of attack. The data indicate that the down- 
wash from the canard and the canard shed vorticity are the mechanisms that 
cause the canard wing interference; thus, altering the canard downwash or 
spatial distribution of shed vorticity will affect the pressure distribution on 
the wing. 

The effect of canard location on wing span load distribution is shown in 
figure l4 for two angles of attack; nominal values of a are and 12^. 

These data show that the effect of the canard is primarily limited to the region 
directly behind the canard, and that the low-canard wake interference with the 
wing at a ~ 12° has caused substantial loss of inboard wing lift beyond even 
that caused by the downwash from the mid canard. The effects of the location of 
the canard on the wing sectional center of pressure axe shown in figure 15* The 
changes in wing sectional center-of-pressure location due to canard location is 
restricted to that region of the wing inboard of the canard tip. The data in 
figure l6 show the effect of canard location on wing center-of-pressure location 
and, as would be expected, the center of pressure moves outboard because of the 
previously discussed induced effects. 

The data in reference 6 show that for low Mach numbers up to an angle of 
attack of approximately 32°, there is no favorable canard interference with the 
wing and this result is substantiated for angles of attack of 4° and 12° by the 
data in figure 15- (The model discussed in ref. 6 is geometrically identical 
with the present model.) However, reference 6 shows that a 44^ swept wing in 
the presence of a canard has large lift gains when compared with the wing-alone 
configuration for higher angles of attack. It is felt that the data presented 
in this paper and in reference 6 indicate that the favorable interference of 
the canard with moderately swept wings (A = 44°) must be the result of the 
canard downwash reducing the effective angle of attack of the wing at inboard 
sections where the leading-edge vortex originates , and this then delays the 
wing leading-edge vortex bursting. Further wind-tunnel testing is needed for 
this effect to be definitive. 


Effect of Wing on Canard Flow Field 

The effect of wing flow field on the canard pressure distribution is pre- 
sented in figures 17 to 19; all the data presented are for the mid-canard 
configuration. The subsonic data (fig. 17) show that for the nominal angles of 
attack of 8° and 12°, there is veiy little effect of the wing on the canard 
flow field. However, at a nominal angle of attack of l6°, the upwash from the 
wing produces a measurable increase in canard loading. 

At Mach numbers of 0.95 and 1.20 (figs. l8 and 19) j the inboard pressure 
distributions show no effect of the presence of the wing for the lower angles 
of attack. However, the presence of the wing produced a loss in canard load on 
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the outboard sections. In fact, for the data at an angle of attack of l6^, this 
wing interference effect is observed inboard as well as outbo^d. _ Careful 
examination of the data presented in reference k shows that the total lift on 
the canard in the presence of the wing is less than that for the canard-alone 
configuration for the Mach numbers and angle-of- attack range discussed herein. . 
(The model tested in ref. U is geometrically identical with the model discussed 
herein.) No explanation for this une:jq)ected phenomena is given here; further 
tests are needed for a better understanding of this flow phenomena. 


SUMMAEI OF RESULTS 

A close-coupled canard-wing model was tested in the Langley 8-foot tran- 
sonic pressure tunnel at Mach numbers from 0.70 to 1.20 to determine the 
canard-wing interference effects on canard and wing loadings. The primary 
results of this investigation may be summarized as follows: 

1. The direct canard downwash effects on the wing loading are in general 
primarily limited to the forward half of the wing, directly behind the canard. 

2. The wing leading-edge vortex is located farther forward for the wing 
in the presence of the canard than for the wing-alone configioration. 

3. The wake from the canard located below the wing chord plane physically 
interacts with the wing surface and causes substantial loss of wing lift. 

h. For the Mach number 0.70 case, the presence of the wing increased the 
loading on the canard for the higher angles of attack. However, at Mach num- 
bers of 0.95 and 1.20, the presence of the wing had the unexpected resiolt of 
unloading the canard. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
October 25, 1978 
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PRESSURE ORIFICE LOCATIONS 


























TABLE II CAUARD PRESSURE ORIFICE LOCATIONS 


H 

fV) 



Canard pressure orifice locations 

Span station .... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

y (upper and lower 
surfaces ) , cm . . 

2 . 5 ^ 

3.81 

5.08 

6.35 

7.62 

8.89 

10.16 

11.43 

12.90 

x/C(, (upper and 
lower surfaces . . 

f 0.0250 
.0500 
.1000 
.1500 
.2250 
y .3000 
\ .4500 

.6000 
.7500 
.9000 
.9500 
L .9750 

0.0250 

.0500 

.1000 

.1500 

.2250 

.3000 

.4500 

.6000 

.7500 

.9000 

.9500 

.9750 

0.0250 

.0500 

.1000 

.1500 

.2250 

.3000 

.4500 

.6000 

.7500 

.9000 

.9500 

.9750 

0.0250 

.0500 

.1000 

.1500 

.2250 

.3000 

.4500 

.6000 

.7500 

.9000 

.9500 

0.0250 
.0500 
.1000 
.1500 
.2250 
. 3000 
1 .4500 
i .6000 
.7500 
.9000 
.9500 

0.0500 

.1000 

.1500 

.2250 

.3000 

.4500 

.6000 

.7500 

.9000 

.9500 

0.0500 
. 1000 
.1500 
.2250 
. 3000. 
.4500 
.6000 
.7500 
.9000 

0.0500 
.1000 
.1500 
.2250 
. 3000 
. 4500 - 
.6000 : 
.7500 
.9000 

0.1000 
.1500 . 
.2250 

. 3000 : 

.4500 
. 6000 : 
.7500 . 
.9000 

Cq, cm 

15.21 

13.85 

12.50 

11.15 


m 

7.08 

5.73 

4.38 






TABLE III.- GEOMETRIC CHARACTERISTICS 


Body length, cm 

Wing (wings I and II except when specified) : 

A (bw^/S) 2.5 

b^/ 2 , cm 25.4 

deg 60 

c, cm 23.31 

Airfoil section Circular arc 

S (area extended to plane of symmetry) > cm^ 1032.2 

Root chord , cm 29.80 

Tip chord, cm . 6.77 

Maximum thiclmess at — 

Root, percent chord 6 

Tip, percent chord ■ . U 

Canard: 

A (bc^/Sc) h.l 2 

<ieg 51.7 

c, cm 1U.83 

Airfoil section Circular arc 

(exposed area), cm^ 288.73 

b^/ 2 , cm 17.25 

Root chord, cm 17.92 

Tip chord, cm 3.59 

Maximum thickness at — 

Root, percent chord 6 

Tip, percent chord 4 





L-TT-3l*63 

Figure 2.- Photograph of close-coupled canard-wing model. 
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Figure 8.- Effect of canard flow field on wing pressures 
for z/c = 0.185; = 1.20. 
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Figiire 9-- Effect of canard flow field on wing pressures 
for z/c = -0.185; M = O.70. 
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